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(57) ABSTRACT 

A control device for a hybrid vehicle prevents a decrease in 
the total amount of regenerated energy in the entire vehicle 
While ensuring the stability of the vehicle When the vehicle 
decelerates. When the vehicle decelerates and regenerated 
energy is recovered by the regeneration operation of front 
motor and rear motor, the ECU sets the amount of regenera 
tion, Which is transferred from front Wheels to rear Wheels, 
depending on the steered angle of the front Wheels and on the 
deceleration state of the vehicle. In addition, the ECU sub 
tracts the amount of regeneration to be transferred from 
regeneration torque command value for rear Wheels demand 
ing from the rear motor, and adds the same amount of regen 
eration to regeneration torque command value for front 
Wheels demanding from the front motor. 

2 Claims, 7 Drawing Sheets 
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CONTROL DEVICE FOR HYBRID VEHICLE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a control device for a 

hybrid vehicle having an engine and a motor for outputting 
driving poWer, and in particular, the present invention relates 
to a control technique Which controls the amount of regen 
eration during regenerative operation of the motor When the 
vehicle decelerates. 

2. Description of the Related Art 
A traction control device for a four-Wheel drive hybrid 

vehicle, such as a traction control device for a four-Wheel 
drive hybrid vehicle disclosed in Japanese Unexamined 
Patent Application, First Publication No. Hei 09-284911, in 
Which the hybrid vehicle comprises an internal combustion 
engine and a ?rst motor for driving one of front Wheels or rear 
Wheels, and a second motor for driving the other of the front 
Wheels or rear Wheels, and Which controls traction distribu 
tion based on the state of charge of a battery device Which 
communicates With each of the motors in terms of electrical 
energy, has been knoWn in the art. 

The above traction control device comprises a traction 
distribution control section Which, When one or more Wheels 
is slipping (i.e., slip state), controls traction distribution to the 
front and rear Wheels so as to stop slipping of the Wheels, and 
a distribution change restriction section for restricting change 
in traction distribution to the front and rear Wheels When the 
vehicle turns, and thus the control device is constructed so as 
to ensure the maneuverability and stability of the vehicle 
While ensuring desired traction. 

For example, the traction distribution control section in a 
slip state is constructed so as to set the vehicle to be in a 
four-Wheel drive mode and also to reduce only the traction of 
the slipping Wheels so as to stop the slipping of the Wheels 
When slipping is detected based on a difference betWeen the 
rotational speeds of the front Wheels and rear Wheels Which 
are measured using Wheel speed sensors. 

Moreover, the distribution change restriction section is 
constructed so as to prohibit the change in the drive mode 
other than a predetermined drive mode change based on the 
determination as to Whether the maneuverability and stability 
of the vehicle may be lost by the change in the drive mode 
When the vehicle turns. 

In the above-mentioned conventional control device for a 
four-Wheel drive hybrid vehicle, a problem occurs in that the 
total amount of regenerated energy Which can be recovered in 
the entire vehicle is reduced if merely the regenerative torque 
of the slipping Wheel is reduced, or if merely the regenerative 
operation of the slipping Wheel is prohibited as in a state in 
Which the vehicle is driven, When, for example, the vehicle is 
in a state in Which the ?rst and second motors are used in 
regenerative operation mode. 

SUMMARY OF THE INVENTION 

In consideration of the above circumstances, an object of 
the present invention is to provide a control device for a 
hybrid vehicle Which enables preventing a decrease in the 
total amount of regenerated energy Which can be recovered in 
the entire vehicle While ensuring the stability of the vehicle 
When the vehicle decelerates. 

In order to solve the above problems and to achieve the 
above object, the present invention provides a control device 
for a hybrid vehicle comprising: front Wheels Which are steer 
able, and Which are connectable to at least one of an internal 
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2 
combustion engine and a ?rst motor via a transmitting sec 
tion; rear Wheels Which are connected to a second motor; a 
regenerative operation control section Which enables regen 
eration of energy through the regenerative operation of the 
?rst motor and second motor When the vehicle decelerates; 
and a regeneration amount control section Which operates so 
as to decrease the amount of regeneration to be regenerated by 
on the second motor While increasing the amount of regen 
eration to be regenerated by the ?rst motor depending on the 
steered angle of the front Wheels. 
According to the control device for a hybrid vehicle as 

constructed above, the regeneration amount control section 
adds a predetermined amount of regeneration depending on 
the steered angle of the front Wheels to the amount of regen 
eration to be regenerated by the ?rst motor While subtracting 
the same amount from the amount of regeneration to be 
regenerated by the second motor When, during deceleration of 
the vehicle, the ?rst motor connected to the front Wheels and 
the second motor connected to the rear Wheels are operated by 
the regenerative operation control section so as to regenerate 
energy. 

Accordingly, the regeneration force in the rear Wheels 
Which support relatively loWer loads than that of the front 
Wheels When the vehicle turns, is reduced, i.e., the braking 
force produced by the rear Wheels is reduced, Whereby it is 
possible to ensure the lateral force of the rear Wheels, and it is 
possible to improve the stability of the vehicle. 

Furthermore, because the amount of regeneration sub 
tracted from the regeneration amount by the second motor 
connected to the rear Wheels is added to the amount of regen 
eration to be regenerated by the ?rst motor connected to the 
front Wheels to Which more load is applied than to the rear 
Wheels, decrease in the total amount of regenerated energy in 
the entire vehicle can be prevented; therefore, an effective 
deceleration regeneration can be performed. 
The control device of the present invention may further 

comprise: a deceleration state measuring section Which mea 
sures the deceleration state of the vehicle; and a regeneration 
amount changing section Which changes the amounts of 
regeneration to be regenerated by the ?rst and second motor, 
each of Which is set by the regeneration amount control sec 
tion, depending on the deceleration state measured by the 
deceleration state measuring section. 

According to the control device for a hybrid vehicle as 
constructed above, the deceleration state measuring section 
measures the deceleration state of the vehicle based on, for 
example, Whether the accelerator pedal is operated, or based 
on the degree of deceleration of the vehicle depending on the 
degree of brake operation. The regeneration amount changing 
section sets a predetermined amount of regeneration Which is 
subtracted from the amount of regeneration to be regenerated 
by the second motor and Which is added to the amount of 
regeneration to be regenerated by the ?rst motor depending 
on the deceleration state measured by the deceleration state 
measuring section. 

Accordingly, because the transfer amount of regeneration 
from the rear Wheels to the front Wheels When the vehicle 
decelerates is properly set depending on the degrees of tum 
ing and deceleration of the vehicle, the stability of the vehicle 
and the e?iciency of regeneration can be further improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing the general structure of 
a hybrid vehicle having a control device for a hybrid vehicle 
in an embodiment according to the present invention. 
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FIG. 2 is a block diagram showing the general structure of 
an ECU shown in FIG. 1. 

FIG. 3 is a ?owchart showing the operation for setting an 
amount of regeneration to be regenerated by a front motor MF 
when the vehicle decelerates. 

FIG. 4A is a graph showing a regeneration map during 
coasting deceleration, and FIG. 4B is a graph showing a 
regeneration map during braking deceleration. 

FIG. 5 is a ?owchart showing the operation for setting an 
amount of regeneration to be regenerated by a rear motor MR 
when the vehicle decelerates. 

FIG. 6 is also a ?owchart showing the operation for setting 
an amount of regeneration to be regenerated by a rear motor 
MR when the vehicle decelerates. 

FIG. 7A is a graph showing a regeneration map during 
straight coasting deceleration, FIG. 7B is a graph showing a 
regeneration map during turning and coasting deceleration, 
FIG. 7C is a graph showing a map for an APOFF turning 
deceleration subtraction coe?icient, FIG. 7D is a graph show 
ing a regeneration map during straight braking deceleration, 
FIG. 7E is a graph showing a regeneration map during turning 
and braking deceleration, and FIG. 7F is a graph showing a 
map for a turning and braking deceleration subtraction coef 
?cient. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An embodiment of the control device for a hybrid vehicle 
according to the present invention will be explained below 
with reference to the appended drawings. 

FIG. 1 is a block diagram showing the general structure of 
a hybrid vehicle having a control device 10 for a hybrid 
vehicle in an embodiment according to the present invention, 
and FIG. 2 is a block diagram showing the general structure of 
the ECU shown in FIG. 1. 

In the control device 10 for a hybrid vehicle according to 
the present embodiment, for example, an internal combustion 
engine E, a front motor MF, and a transmission T are con 
nected to front wheels Wf and Wf in series, and a rear motor 
MR is connected to rear wheels Wr and Wr. 
More speci?cally, the driving forces of both of the internal 

combustion engine E and front motor MF are transmitted to 
the front wheels Wf and Wf via the transmission T, such as an 
automatic transmission (AT), a CVT, or a manual transmis 
sion (MT), and via a front differential device DF which con 
trols distribution of the driving force to each, the left and right, 
of the front wheels Wf and Wf. 

Moreover, the driving force of the rear motor MR is trans 
mitted to the rear wheels Wr and Wr via a rear differential 
device DR which includes two clutches (not shown) being 
able to control the engaging forces to each, the left and right, 
of the rear wheels Wr and Wr, and which controls distribution 
of the driving force to each, the left and right, of the rear 
wheels Wr and Wr. 
When the two clutches (not shown) provided in the rear 

differential device DR are disengaged, the vehicle goes into a 
front-wheel drive mode in which only the front wheels Wf 
and Wf are driven, and when these clutches are engaged so 
that the engaging forces thereof are variable, the vehicle goes 
into a four-wheel drive mode in which both of the front 
wheels Wf and Wf and the rear wheels Wr and Wr are driven, 
and in which the distribution of driving force to the left and 
right rear wheels Wr and Wr can be freely controlled. 

In addition, when driving forces are transmitted from the 
front wheels Wf and Wf to the front motor MF, and from the 
rear wheels Wr and Wr to the rear motor MR during decel 
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4 
eration of the vehicle, the motors MF and MR function as 
generators and produce so -called regenerative braking forces, 
whereby the kinetic energy of the vehicle body is recovered as 
electrical energy. 
The driving operation and regenerative operation of each of 

the motors MF and MR is controlled by a power drive unit 
(PDU) 12 which receives control commands from the ECU 
11. 
The power drive unit 12 is connected to a high voltage 

battery 13 which communicates with each of the motor MF 
and MR in terms of electrical energy. The battery 13 com 
prises, for example, a plurality of modules connected in 
series, each of which is a unit comprising a plurality of cells. 
Furthermore, an auxiliary l2-volt battery 15, which is pro 
vided for operating various auxiliaries, is connected to the 
battery 13 via a downverter 14 consisting of a DC-DC con 
verter. 

The downverter 14 controlled by the ECU 11 charges the 
auxiliary battery 15 by decreasing the voltage of the battery 
13. 
As shown in FIG. 2, the ECU 11 comprises an MGECU 21, 

a front motor ECU 22 which controls the driving operation 
and regenerative operation of the front motor MF, a rear motor 
ECU 23 which controls the driving operation and regenera 
tive operation of the rear motor MR, a battery ECU 24, and an 
ABSECU 25 which controls the operation of an anti-lock 
brake system, the operation of a vehicle behavior stabiliZing 
system, or the like. 

In addition to the front and rear motor ECUS 22 and 23 and 
the downverter 14, an MGECU 21 controls the transmission T 
and an electronic throttle control device DBW and the like. 

For such a control operation, the following signals are input 
to the MGECU 21: a signal from a steer angle sensor 31 which 
measures the direction and magnitude of the steered angle 
input by the driver via a steering wheel for steering the front 
wheels Wf; a signal from a brake switch 32 which measures 
the operation of a brake pedal; a signal from a vehicle speed 
sensor 33 which measures a vehicle speed VP; a signal from 
a engine revolution rate sensor 34 which measures a engine 
revolution rate NE; a signal from a master vac negative pres 
sure sensor 35 which measures the negative pressure in the 
master vac for the brake system; and a signal from an accel 
erator pedal opening degree sensor 36 which measures the 
opening degree of the accelerator pedal. 
The front motor ECU 22 controls the regenerative opera 

tion of the front motor MF depending on a front regeneration 
torque command value input from the MGECU 21, the front 
motor ECU 22 also inputs a signal indicating electrical cur 
rent demand when, for example, the vehicle is driven by the 
front motor ME. 
The rear motor ECU 23 controls the regenerative operation 

of the rear motor MR depending on a rear regeneration torque 
command value input from the MGECU 21. 
The battery ECU 24 not only protects the battery 13, but 

also calculates a remaining battery charge SOC and inputs a 
corresponding signal to the MGECU 21. 
The ABSECU 25 controls the operation of the anti-lock 

brake system, the operation of the vehicle behavior stabiliZ 
ing system, or the like, based on, for example, a signal input 
from a wheel speed sensor 37 which measures the rotational 
speed of the front wheels Wf and rear wheels Wr, a signal 
input from a yaw rate sensor 38 which measures the yaw rate 
of the vehicle (i.e., the rotational angular rate about the ver 
tical axis at the center of gravity of the vehicle), and a signal 
input from an acceleration sensor 39 which measures the 
acceleration of the vehicle. The ABSECU 25 inputs signals to 
the MGECU 21, such as anABS busy signal which indicates 
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that the anti-lock brake system is in operation, and a VSA 
busy signal Which indicates that the control operation for 
stabilizing the vehicle behavior is being executed, in Which 
the stability of the vehicle is improved by the operation of the 
brake system. 
As Will be explained beloW, the ECU 21 decreases a regen 

erative rear torque command value (corresponding to the 
amount of regeneration) for the rear motor MR, While, on the 
other hand, increasing a regenerative front torque command 
value (corresponding to the amount of regeneration) for the 
front motor MF When the regenerated energy is recovered by 
the regenerative operations of the front and rear motors MF 
and MR during deceleration of the vehicle. 

The control device 10 for a hybrid vehicle in this embodi 
ment comprises the above-mentioned elements. Next, the 
operation of the control device 10 for a hybrid vehicle, more 
speci?cally, the operation for determining an amount of 
regeneration Which is to be regenerated by the motors MF and 
MR Will be explained beloW With reference to the appended 
draWings. 

FIG. 3 is a ?owchart shoWing the operation for setting an 
amount of regeneration to be regenerated by the front motor 
MF When the vehicle decelerates, FIG. 4A is a graph shoWing 
a regeneration map during coasting deceleration, and FIG. 4B 
is a graph shoWing a regeneration map during braking decel 
eration, FIGS. 5 and 6 are ?oWcharts shoWing the operation 
for setting an amount of regeneration to be regenerated by the 
rear motor MR When the vehicle decelerates, FIG. 7A is a 
graph shoWing a regeneration map during straight coasting 
deceleration, FIG. 7B is a graph shoWing a regeneration map 
during turning and coasting deceleration, FIG. 7C is a graph 
shoWing a map for an APOFF turning deceleration subtrac 
tion coe?icient, FIG. 7D is a graph shoWing a regeneration 
map during straight braking deceleration, FIG. 7E is a graph 
shoWing a regeneration map during turning and braking 
deceleration, and FIG. 7F is a graph shoWing a map for a 
turning and braking deceleration subtraction coef?cient. 

Although the hybrid vehicle in this embodiment employs a 
CVT, the ?oWcharts Which Will be explained beloW also con 
tain control operations for a vehicle employing an automatic 
transmission (AT) or a manual transmission (MT) to specify 
other possibilities. 

The operation for determining the amount of regeneration 
(a regeneration command for front Wheels REGENF), Which 
is to be regenerated by the front motor MF, Will be explained 
beloW. 

First, in step S01 shoWn in FIG. 3, in a coasting decelera 
tion state in Which, for example, the opening degree of the 
accelerator pedal is Zero, and the vehicle decelerates due to, 
for example, frictional loss in the internal combustion engine 
E, or in a brake operation state in Which the brake sWitch 32 is 
in the ON state, and the vehicle decelerates due to a brake 
operation, the travel state of the vehicle is set as a deceleration 
mode. 

Next, in step S02, it is determined Whether the brake sWitch 
(brake SW) 32 is in the ON state. 
When the result of the determination is “YES”, the opera 

tion proceeds to step S03, in Which a deceleration regenera 
tion command DECRGN is set, for example, by retrieving the 
regeneration map during braking deceleration shoWn in FIG. 
4B, and then the operation proceeds to step S08 Which Will be 
explained beloW. 

In contrast, When the result of the determination is “NO”, 
the operation proceeds to step S04, in Which the deceleration 
regeneration command DECRGN is set, for example, by 
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6 
retrieving the regeneration map during coasting deceleration 
shoWn in FIG. 4A, and then the operation proceeds to step 
S05. 
Note that, in steps S03 and S04, the deceleration regenera 

tion command DECRGN is set depending on the vehicle 
speed VP for a vehicle employing an AT or a CVT, and the 
deceleration regeneration command DECRGN is set depend 
ing on the engine revolution rate NE for vehicle employing an 
MT. 

In the regeneration map during coasting deceleration and 
the regeneration map during braking deceleration, the decel 
eration regeneration command DECRGN varies so as to 
increase as the vehicle speed VP or engine revolution rate NE 
increases. A greater deceleration regeneration command 
DECRGN is given in the regeneration map during braking 
deceleration than in the regeneration map during coasting 
deceleration When compared at the same vehicle speed VP or 
the same engine revolution rate NE. 

Note that, in the regeneration map during coasting decel 
eration and the regeneration map during braking deceleration, 
the deceleration regeneration commands DECRGN are dif 
ferently set depending on Whether an air conditioner is in the 
ON or OFF state (A/C ON/OFF), more speci?cally, a greater 
deceleration regeneration command DECRGN is given When 
the air conditioner is in the OFF state than When in the ON 
state. 

In step S05, it is determined Whether the remaining battery 
charge SOC is equal to or greater than a predetermined 
remaining battery charge #SOC. 
When the result of the determination is “NO”, the opera 

tion proceeds to step S08. 
In contrast, When the result of the determination is “YES”, 

the operation proceeds to step S06, in Which it is determined 
Whether the vehicle speed VP is equal to or greater than a 
predetermined vehicle speed #VP. 
When the result of the determination in step S06 is “NO”, 

the operation proceeds to step S08 Which Will be explained 
beloW. 

In contrast, When the result of the determination in step S06 
is “YES”, the operation proceeds to step S07, in Which a value 
obtained by multiplying the deceleration regeneration com 
mand DECRGN by a predetermined coe?icient k, Which, for 
example, decreases as the vehicle speed VP increases and 
Which is smaller than 1, is set as a reneWed deceleration 
regeneration command DECRGN. 

In step S08, it is determined Whether or not the anti-lock 
brake system (ABS) is in operation, or Whether or not the 
vehicle stability control (VSA) is being executed. 
When the result of the determination is “YES”, the opera 

tion proceeds to step S09, in Which “0” is set to a deceleration 
regeneration command for front Wheels DECRGNF, and the 
operation proceeds to step S10, in Which “0” is set to the ?ag 
value of a deceleration regeneration ?ag F_DECRGN indi 
cating that regeneration operation during deceleration is 
executed, and then the operation proceeds to step S22 Which 
Will be explained beloW. 

In contrast, When the result of the determination is “NO”, 
the operation proceeds to step S11, in Which it is determined 
Whether the remaining battery charge SOC is in a high 
remaining battery charge Zone. 
When the result of the determination in step S11 is “YES”, 

the operation proceeds to step S09 explained above. 
In contrast, When the result of the determination in step S11 

is “NO”, the operation proceeds to step S12. 
In step S12, it is determined Whether the timer value of a 

subtraction timer A is “0”. 
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When the result of the determination is “NO”, the opera 
tion proceeds to step S13, in Which the timer value of the 
subtraction timer A is decreased, and then the operation pro 
ceeds to step S21 Which Will be explained below. 

In contrast, When the result of the determination is “YES”, 
the operation proceeds to step S14, in Which a predetermined 
timer value #TA is set to the timer value of the subtraction 
timer A, and operation proceeds to step S15, in Which it is 
determined Whether the deceleration regeneration command 
DECRGN is greater than the deceleration regeneration com 
mand for front Wheels DECRGNF Which Was set in the pre 
vious routine. 
When the result of the determination in step S15 is “YES”, 

the operation proceeds to step S19 Which Will be explained 
beloW. 

In contrast, When the result of the determination in step S15 
is “NO”, the operation proceeds to step S16, in Which a value 
obtained by subtracting a predetermined gradual subtraction 
term ARGNM from the deceleration regeneration command 
for front Wheels DECRGNF is set as a reneWed deceleration 
regeneration command for front Wheels DECRGNF. 

Note that the gradual subtraction term ARGNM is differ 
ently given depending on Whether the brake sWitch 32 is in the 
ON or OFF state (e. g., a ARGNMB is given for the ON state, 
and a ARGNMN is given for the OFF state). 

In step S17, it is determined Whether the deceleration 
regeneration command for front Wheels DECRGNF is equal 
to or greater than the regeneration command DECRGN. 
When the result of the determination is “YES”, the opera 

tion proceeds to step S21 Which Will be explained beloW. 
In contrast, When the result of the determination is “NO”, 

the operation proceeds to step S18, in Which the regeneration 
command DECRGN is set to the deceleration regeneration 
command for front Wheels DECRGNF, and the operation 
proceeds to step S21 Which Will be explained beloW. 

In step S19, a value obtained by adding a predetermined 
gradual addition term ARGNP to the deceleration regenera 
tion command for front Wheels DECRGNF is set as a reneWed 
deceleration regeneration command for front Wheels 
DECRGNF. 

Note that the gradual addition term ARGNP is given dif 
ferently depending on Whether the brake sWitch 32 is in the 
ON or OFF state (e. g., a ARGNPB is given for the ON state, 
and a ARGNPN is given for the OFF state). 

In step S20, it is determined Whether the deceleration 
regeneration command for front Wheels DECRGNF is equal 
to or smaller than the regeneration command DECRGN. 
When the result of the determination is “NO”, the opera 

tion proceeds to step S18 explained above. 
In contrast, When the result of the determination is “YES”, 

the operation proceeds to step S21, “1” is set to the ?ag value 
of the deceleration regeneration ?ag F_DECRGN indicating 
that regeneration operation during deceleration is executed, 
and the operation proceeds to step S22. 

In step S22, a value obtained by adding a deceleration 
regeneration transfer command for front Wheels REGENR, 
Which Will be explained beloW, to the deceleration regenera 
tion command for front Wheels DECRGNF is set to the regen 
eration command for front Wheels REGENF indicating an 
amount of regeneration to be regenerated by the front motor 
MF, and the series of operations is terminated. 

Next, the operation, in Which an amount of regeneration to 
be regenerated by the rear motor MR (a deceleration regen 
eration command for rear Wheels FCMD) and a transfer 
amount of regeneration (a deceleration regeneration transfer 
command for front Wheels REGENR) Which is subtracted 
from the amount of regeneration to be regenerated by the rear 
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8 
motor MR and Which is added to the amount of regeneration 
to be regenerated by the front motor MF are set, Will be 
explained beloW. 

First, in step S31 shoWn in FIG. 5, a straight coasting 
deceleration regeneration command FCMD_S, Which is used 
When, for example, the opening degree of the accelerator 
pedal is Zero and the vehicle decelerates due to, for example, 
frictional loss in the internal combustion engine E While 
coasting straight ahead, is retrieved from, for example, the 
regeneration map during straight coasting deceleration 
shoWn in FIG. 7A depending on the vehicle speed VP. 

Next, in step S32, a turning and coasting deceleration 
regeneration command FCMD_C, Which is used When, for 
example, the opening degree of the accelerator pedal is Zero 
and the vehicle decelerates due to, for example, frictional loss 
in the internal combustion engine E While coasting and turn 
ing, is retrieved from, for example, the regeneration map 
during turning and coasting deceleration shoWn in FIG. 7B 
depending on the vehicle speed VP. 

Note that the straight coasting deceleration regeneration 
command FCMD_S is set to be greater than the turning and 
coasting deceleration regeneration command FCMD_C 
When compared at the same vehicle speed VP. 

In step S33, an APOFF turning deceleration subtraction 
coe?icient KSTRG_BRK_N, Which decreases the amount of 
regeneration to be regenerated by the rear motor MR When the 
vehicle decelerates While turning and coasting, is retrieved 
from, for example, the map for the APOFF turning decelera 
tion subtraction coef?cient shoWn in FIG. 7C depending on 
the steered angle of the front Wheels Wf. 

Note that predetermined APOFF turning deceleration sub 
traction coef?cients KSTRG_BRK_N, Which decrease as the 
steered angle of the front Wheels Wf increases, and Which are 
smaller than 1, are set in the map for the APOFF turning 
deceleration subtraction coe?icient. 

In step S34, it is determined Whether the APOFF turning 
deceleration subtraction coef?cient KSTRG_BRK_N in the 
current routine is greater than a previous value KSTRG 
_BRK_N_OLD Which Was calculated in the previous routine. 
When the result of the determination is “NO”, the opera 

tion proceeds to step S36 Which Will be explained beloW. 
In contrast, When the result of the determination is “YES”, 

the operation proceeds to step S35, in Which the previous 
value KSTRG_BRK_N_OLD is set to the APOFF turning 
deceleration subtraction coef?cient KSTRG_BRK_N, 
Whereby the APOFF turning deceleration subtraction coef? 
cient KSTRG_BRK_N in the current routine is prevented 
from exceeding the previous value KSTRG_BRK_N_OLD. 

Next, in step S37, a value, Which is obtained by adding the 
turning and coasting deceleration regeneration command 
FCMD_C to a value obtained by multiplying the difference 
betWeen the turning and coasting deceleration regeneration 
command FCMD_C and the straight coasting deceleration 
regeneration command FCMD_S and the APOFF turning 
deceleration subtraction coe?icient KSTRG_BRK_N 
together, is set to the deceleration regeneration command for 
rear Wheels FCMD. In other Words, in order to set the decel 
eration regeneration command, an interpolation is performed 
betWeen the turning and coasting deceleration regeneration 
command FCMD_C and the straight coasting deceleration 
regeneration command FCMD_S using the steered angle of 
the front Wheels. 

Next, in step S38, a value obtained by subtracting the 
deceleration regeneration command for rear Wheels FCMD 
from the straight coasting deceleration regeneration com 
mand FCMD_S is set to anAPOFF deceleration regeneration 
transfer command for front Wheels DECRGNRF, Which is 
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subtracted from the amount of regeneration to be regenerated 
by the rear motor MR and added to the amount of regenera 
tion to be regenerated by the front motor MF, among the 
deceleration regeneration commands in a coasting decelera 
tion state. 

In step S39, it is determined Whether the brake sWitch 32 is 
in the ON state. 
When the result of the determination is “NO”, the opera 

tion proceeds to step S48 Which Will be explained beloW. 
In contrast, When the result of the determination is “YES”, 

the operation proceeds to step S40, in Which a deceleration 
regeneration command during straight braking BrkOnTrq_S, 
Which is used When the vehicle travels straight ahead and 
decelerates by braking, is retrieved from, for example, the 
regeneration map during straight braking deceleration shoWn 
in FIG. 7D depending on a master vac negative pressure 

(brake pres sure). 
In step S41, a deceleration regeneration command during 

straight braking BrkOnTrq_C, Which is used When the 
vehicle turns and decelerates by braking, is retrieved from, for 
example, the regeneration map during turning and braking 
deceleration shoWn in FIG. 7E depending on a master vac 
negative pressure. 

Note that, for example, the deceleration regeneration com 
mand during straight braking BrkOnTrq_S is set to be greater 
than the deceleration regeneration command during straight 
braking BrkOnTrq_C When compared at the same master vac 
negative pressure. 

In step S42, a deceleration regeneration command during 
straight braking BrkOnTrq_C, Which is used to decrease the 
amount of regeneration to be regenerated by the rear motor 
MR When the vehicle turns and decelerates by braking, is 
retrieved from, for example, the map for a turning and braking 
deceleration subtraction coe?icient shoWn in FIG. 7F 
depending on the steered angle of the front Wheels Wf. 

Note that predetermined turning and braking deceleration 
subtraction coef?cients Which, for example, decrease as the 
steered angle of the front Wheels Wf increases and Which are 
smaller than 1, are set in the map for a turning and braking 
deceleration subtraction coe?icient. 

In step S43 shoWn in FIG. 6, it is determined Whether a 
turning and braking deceleration subtraction coef?cient 
KSTRG_BRK in the current routine is greater than a previous 
turning and braking deceleration subtraction coef?cient 
KSTRG_BRK_OLD Which Was calculated in the previous 
routine. 
When the result of the determination is “NO”, the opera 

tion proceeds to step S45 Which Will be explained beloW. 
In contrast, When the result of the determination is “YES”, 

the operation proceeds to step S44, in Which the previous 
turning and braking deceleration subtraction coef?cient 
KSTRG_BRK_OLD is set to the turning and braking decel 
eration subtraction coe?icient KSTRG_BRK, Whereby the 
turning and braking deceleration subtraction coef?cient 
KSTRG_BRK in the current routine is prevented from 
exceeding the previous turning and braking deceleration sub 
traction coef?cient KSTRG_BRK_OLD in the previous rou 
tine. 

Next, in step S45, the turning and braking deceleration 
subtraction coe?icient KSTRG_BRK in the current routine is 
set as the previous turning and braking deceleration subtrac 
tion coef?cient KSTRG_BRK_OLD for preparing the next 
routine. 

In step S46, a value, Which is obtained by adding the 
deceleration regeneration command during straight braking 
BrkOnTrq_C to a value obtained by multiplying the differ 
ence betWeen the deceleration regeneration command during 
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10 
straight braking BrkOnTrq_C and the deceleration regenera 
tion command during straight braking BrkOnTrq_S and the 
turning and braking deceleration subtraction coef?cient 
KSTRG_BRK together, is set to a braking deceleration regen 
eration command BrkOnTrq. In other Words, in order to set 
the deceleration regeneration command, an interpolation is 
performed betWeen the deceleration regeneration command 
during straight braking BrkOnTrq_C and the deceleration 
regeneration command during straight braking BrkOnTrq_S 
using the steered angle of the front Wheels. 

Next, in step S47, a value obtained by subtracting the 
braking deceleration regeneration command BrkOnTrq from 
the deceleration regeneration command during straight brak 
ing BrkOnTrq_S is set to a braking deceleration regeneration 
transfer command for front Wheels BRKRGNRF, Which is 
subtracted from the amount of regeneration to be regenerated 
by the rear motor MR and added to the amount of regenera 
tion to be regenerated by the front motor MF, among the 
deceleration regeneration commands in a braking decelera 
tion state, and the operation proceeds to step S49 Which Will 
be explained beloW. 

In step S48, “0” is set to the deceleration regeneration 
command during straight braking BrkOnTrq_S, the decelera 
tion regeneration command during straight braking BrkOn 
Trq_C, and the braking deceleration regeneration command 
BrkOnTrq, While “1” is set to the turning and braking decel 
eration subtraction coe?icient KSTRG_BRK in the current 
routine and the previous turning and braking deceleration 
subtraction coe?icient KSTRG_BRK_OLD in the pervious 
routine, and then the operation proceeds to step S49. 

In step S49, it is determined Whether the anti-lock brake 
system (ABS) is in operation, or Whether the control opera 
tion for stabiliZing the vehicle behavior is being executed. 
When the result of the determination is “YES”, the opera 

tion proceeds to step S53 Which Will be explained beloW. 
In contrast, When the result of the determination is “NO”, 

the operation proceeds to step S50, in Which the braking 
deceleration regeneration command BrkOnTrq and the brak 
ing deceleration regeneration transfer command for front 
Wheels BRKRGNRF are corrected using the vehicle speed 
VP. 

Note that, in step S50, the braking deceleration regenera 
tion command BrkOnTrq and the braking deceleration regen 
eration transfer command for front Wheels BRKRGNRF are 
set so as to decrease, for example, as the vehicle speed VP 
decreases Within a predetermined range. 

In step S51, a value obtained by adding the braking decel 
eration regeneration command BrkOnTrq to the deceleration 
regeneration command for rear Wheels FCMD is set as a 
reneWed deceleration regeneration command for rear Wheels 
FCMD. 

In step S52, a value obtained by adding the braking decel 
eration regeneration transfer command for front Wheels 
BRKRGNRF to the APOFF deceleration regeneration trans 
fer command for front Wheels DECRGNRF is set as the 
deceleration regeneration transfer command for front Wheels 
REGENR, and the operation proceeds to step S54. 

In step S53, “0” is set to the deceleration regeneration 
command for rear Wheels FCMD and to the deceleration 
regeneration transfer command for front Wheels REGENR, 
and the operation proceeds to step S54. 

In step S54, the deceleration regeneration command for 
rear Wheels FCMD and the deceleration regeneration transfer 
command for front Wheels REGENR are corrected depending 
on the remaining battery charge SOC, and the series of opera 
tions is terminated. 
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In this step S54, When, for example, the remaining battery 
charge SOC is in a high remaining battery charge Zone, the 
deceleration regeneration command for rear Wheels FCMD 
and the deceleration regeneration transfer command for front 
Wheels REGENR are decreased in accordance With the 
remaining battery charge SOC. 

According to the control device for a hybrid vehicle of the 
present embodiment, When the vehicle turns and decelerates, 
by adding the deceleration regeneration transfer command 
for front Wheels REGENR, Which is subtracted from the 
deceleration regeneration command for rear Wheels FCMD, 
to the deceleration regeneration command for front Wheels 
DECRGNF, the deceleration regeneration force of the rear 
Wheels is decreased, Whereby the stability of the vehicle is 
improved, and decrease in the total amount of regenerated 
energy in the entire vehicle can be prevented; therefore, an 
effective deceleration regeneration can be performed. 

Note that, in the above embodiment, the deceleration 
regeneration command DECRGN calculated in steps S03 and 
S04 may be corrected by the electrical current Which is output 
from the l2-volt battery 15, i.e., depending on the load in the 
l2-volt electrical system. In this case, the deceleration regen 
eration command DECRGN should be increased as the load 
in the l2-volt electrical system increases. 
As explained above, according to the control device for a 

hybrid vehicle of the present invention, When the vehicle turns 
and decelerates, the stability of the vehicle can be improved 
by decreasing the deceleration regeneration force of the rear 
Wheel. Furthermore, because the amount of regeneration sub 
tracted from the amount of regeneration in rear Wheels is 
added to the amount of regeneration in front Wheels, decrease 
in the total amount of regenerated energy in the entire vehicle 
can be prevented; therefore, an effective deceleration regen 
eration can be performed. 

According to the control device for a hybrid vehicle of a 
further aspect of the present invention, because the transfer 
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amount of regeneration from the rear Wheels to the front 
Wheels When the vehicle decelerates is properly set depend 
ing on the degrees of turning and deceleration of the vehicle, 
the stability of the vehicle and the ef?ciency of regeneration 
can be further improved. 

What is claimed is: 
1. A control device for a hybrid vehicle comprising: 
front Wheels Which are steerable, and Which are connect 

able to at least one of an internal combustion engine and 
a ?rst motor via a transmitting section; 

rear Wheels Which are connected to a second motor; 
a regenerative operation control section Which enables 

regeneration of energy through the regenerative opera 
tion of said ?rst motor and second motor When the 
vehicle decelerates; and 

a regeneration amount control section Which operates so as 
to decrease the amount of regeneration to be regenerated 
by said second motor While increasing the amount of 
regeneration to be regenerated by said ?rst motor so as to 
prevent decrease in the total amount of regenerated 
energy in the entire vehicle depending on the steered 
angle of said front Wheels When said hybrid vehicle in a 
deceleration and turning state. 

2. A control device as claimed in claim 1, further compris 
ing: 

a deceleration state measuring section Which measures the 
deceleration state of said vehicle; and 

a regeneration amount changing section Which changes the 
amounts of regeneration energy to be regenerated by 
said ?rst and second motor, each of Which is set by said 
regeneration amount control section, depending on the 
deceleration state measured by said deceleration state 
measuring section. 


